Muramidase digests of alkali-treated SDS-insoluble peptidoglycan from two strains of Neisseria gonorrhoeae were examined. Both strains contained disaccharide peptide monomers that had intramolecular 1,6-anhydro-muramyl ends. In contrast to strain 1L260, in which 50% of the monomer fraction is 0-acetylated, the monomer fraction from strain RD, was completely devoid of 0-acetyl groups, as shown by HPLC. Penicillin decreased the 0-acetylation of peptidoglycan but did not affect the proportion of anhydro-muramyl residues.
I N T R O D U C T I O N
The peptidoglycan of Neisseria gonorrhoeae is extensively 0-acetylated and as a result is completely resistant to the action of lysozyme (Blundell et al., 1980) . However, peptidoglycan isolated from strain RD, was sensitive to lysozyme (Rosenthal, 1979) and had a much reduced degree of 0-acetylation (Rosenthal et al., 1982) .
Chalaropsis B muramidase digests of Escherichia coli peptidoglycan released non-reducing disaccharide peptide monomers and bis-disaccharide peptide dimers that contained a nonreducing 1,6-anhydro-murarnyl residue (Gmeiner et al., 1982) . Although anhydro-monomer fragments were observed in culture supernatants of N . gonorrhoeae (Sinha & Rosenthal, 1982) , anhydro-muramyl ends were not thought to be present in the native gonococcal peptidoglycan (Swim et al., 1983) . In the present experiments 0-acetyl groups were removed from peptidoglycan by alkali treatment and a Chalaropsis B muramidase digest was then analysed by TLC. In addition, the digests of native gonococcal peptidoglycan were examined by reversephase HPLC.
M E T H O D S
Nei.veria gonorrhoeae strain 1 L260 is a penicillin-sensitive isolate (Brown & Perkins, 1979) and the highly autolytic strain RD5 was obtained from R. S. Rosenthal (Rosenthal, 1979) . Peptidoglycan was labelled in the glycan backbone by using D-[ 1 -lJC]glucosamine as previously described, and in one experiment penicillin G was present during growth (Blundell & Perkins, 198 I) . Radiolabelled peptidoglycan was treated with alkali as follows. The SDS-insoluble pellets were resuspended in either 200 PI 0.01 M-NaOH or 200 PI 1 M-NaOH which contained 0.1 M-hydroxylamine (or in water at pH5 as a control), and incubated at room temperature overnight. More water was added and the peptidoglycan was centrifuged at 500000g for 45 min, washed with water and sedimented. The final pellet was resuspended in 150 p1 0.03 M-triethylamine acetate buffer pH 4.7 and incubated with 50 pg Chalaropsis B muramidase ml-I for 24 h at 37 T. Any residual insoluble material (typically less than 17; of the total radioactivity) was removed by centrifugation. The supernatant fluid was rotary evaporated to dryness, resuspended in 200 1. 11 water and a sample was examined by TLC followed by autoradiography, spots being cut out and their radioactivity measured by scintillation counting (Blundell & Perkins, 198 1 * Expressed as a percentage of the total radioactivity recovered as monomers.
Peptidoglycan for HPLC analysis was prepared from 3 1 of culture grown to an OD675 of 0.5 in supplemented proteose peptone medium with pyruvate as a carbon source (Blundell & Perkins, 1981) . Solid TCA was then added to a final concentration of 5% (w/v) and after 20 min at 4 "C the pellet was recovered by centrifuging (5000 g , 20 min) and washed. It was resuspended in 50 mM-sodium acetate buffer pH 5.0 containing 4% (w/v) SDS, heated at 100 "C for 20 min and then stirred at room temperature overnight. The insoluble peptidoglycan was recovered by centrifuging, treated with a-amylase and trypsin and freeze-dried as before (Blundell et al., 1980) . To 6 mg of the purified peptidoglycan were added 200 p10.03 M-triethylamine acetate buffer pH 4.7 and 10 pg muramidase. After incubation at 37 "C for 24 h any solid residue was removed by centrifugation as before. The supernatant was rotary evaporated to dryness, resuspended in 750 p1 water and applied to a Bio-Gel P6 gel filtration column (50 x 2.6 cm) and eluted at a flow rate of 15 ml h-' with standard saline citrate pH 7.0 (Chapman & Perkins, 1983) . Monomer fractions were pooled, desalted by using Sephadex (3-25, rotary evaporated to dryness and resuspended in 500 pl water. Prior to analysis, a sample was added to an equal volume of 50 mM-borate buffer pH 9-0 containing NaBH, (10 mg ml-l), kept at room temperature for 30 min and then adjusted to pH 4 with phosphoric acid (Glauner & Schwarz, 1983) . Reduced monomer (50 pl) was fractionated on a Hibar Lichrosorb RP18 reversephase column (250 x 4 mm, 5 pm particle size) (BDH) exactly as described by Glauner & Schwarz (1983) except that detection was at 214 nm. Monomer tetrapeptide and tripeptide were prepared from E. coli (Chapman & Perkins, 1983) . O-Acetylmonomer was a TLC fraction from muramidase digests of gonococcal peptidoglycan (Blundell & Perkins, 1981) . Anhydro-monomer was a gift from R. S. Rosenthal.
RESULTS
Muramidase digests of N . gonorrhoeae peptidoglycan produce a series of bands on TLC identifiable as O-acetylated and non-O-acetylated fragments (Blundell & Perkins, 198 1) . However, in this system monomers with a 1,6-anhydro-murarnyl bond co-migrate with Oacetylmonomers (unpublished observations). Fractionation by paper chromatography also results in the co-migration of the two monomers (Swim et al.. 1983) . Therefore, to distinguish between anhydro-muramyl and O-acetylated monomers in the peptidoglycan, O-acetyl groups were removed by alkali treatment before digestion with muramidase. Any fragment found in the O-acetylmonomer position after TLC must then be anhydro-monomer. The results from such an experiment are in Table 1 . Even after treatment with 0.1 M-hydroxylamine in 1 M-NaOH, some 16% of the monomer fraction appeared to be anhydro-monomer in strain 1L260. Peptidoglycan from cultures grown in the presence of enough penicillin G to lead to a substantial loss of Oacetyl groups from the glycan backbone still contained approximately the same amount of anhydro-ends. Thus in effect, the decrease of O-acetylation caused by penicillin was specific and even more marked than previously considered (Blundell & Perkins, 1981) . With strain RD5, the amount of material remaining in the O-acetylmonomer position was not decreased by alkali treatment, suggesting that this peptidoglycan totally lacked O-acetyl groups.
The presence of anhydro-ends in gonococcal peptidoglycan and lack of O-acetyl groups in strain RD5 was confirmed by using HPLC to analyse the monomer fraction released by muramidase (Fig. 1) . Corresponding analysis of the dimer fraction clearly demonstrated that in strain RD5 mono-O-acetylated dimer and di-O-acetylated dimer were also absent. 
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DISCUSSION
It had previously been held that the highly autolytic strain RD5 had a much reduced degree of 0-acetylation (Rosenthal et al., 1982) and that intramolecular 1,6-anhydro-murarnyl ends were absent from native peptidoglycan (Swim et al., 1983) . The results reported here show that these suppositions are partially incorrect. In both strains examined anhydro-muramyl monomer was released from the native peptidoglycan after muramidase digestion. Presumably anhydrocontaining dimer and higher oligomers are also present in gonococci, as found in E. coli. This would no doubt account for some of the numerous unidentified peaks seen on HPLC by Dougherty (1985 a) . The anhydro-monomer fraction released into the supernatant by growing gonococci consisted of anhydro-monomer-tripeptide (80%) and -tetrapeptide (20 %) (Sinha & Rosenthal, 1980) . Interestingly the predominating species that we found in the native peptidoglycan was the tripeptide. It may be that the length of the peptide side chain plays a role in regulating the release of anhydro-monomer into the supernatant by the transglycosylase.
The presence of non-reducing anhydro-ends in the native peptidoglycan also affects calculations of the average glycan chain length based on the number of free reducing groups present (Hebeler & Young, 1976) . If the anhydro-ends were composed only of anhydromonomeric units (about 5 % of the total peptidogylcan) the average chain length would be reduced from approximately 100 disaccharide units to 17. The presence of anhydro-dimer and trimers in the peptidoglycan would reduce this new value for glycan chain length even further.
Neisseriu gonorrhoeae strain RD, is the only one out of a large number of strains so far examined that lacks 0-acetyl substituents on the glycan backbone, a feature that could account for its penicillin sensitivity. However, the peptidoglycan of a number of highly penicillinsensitive isolates has been found to be 0-acetylated (N. McKendrick, personal communication). Dougherty (1983 Dougherty ( , 1985b suggested that penicillin-binding protein (PBP) 2 was involved in the 0-acetylation process. It may be that in strain RD5 PBP2 is altered such that its 0-acetylation ability is non-functional or that this protein is absent altogether. These possibilities and the function of PBPs in the 0-acetylation process are currently under investigation in this laboratory.
